Functional neuroimaging studies have implicated the fusiform gyri (FG) in structural encoding of faces, while event-related potential (ERP) and magnetoencephalography studies have shown that such encoding occurs approximately 170 ms poststimulus. Behavioral and functional neuroimaging studies suggest that processes involved in face recognition may be strongly modulated by socially relevant information conveyed by faces. To test the hypothesis that affective information indeed modulates early stages of face processing, ERPs were recorded to individually assessed liked, neutral, and disliked faces and checkerboard-reversal stimuli. At the N170 latency, the cortical three-dimensional distribution of current density was computed in stereotactic space using a tomographic source localization technique. Mean activity was extracted from the FG, defined by structure-probability maps, and a meta-cluster delineated by the coordinates of the voxel with the strongest face-sensitive response from five published functional magnetic resonance imaging studies. In the FG, ϳ160 ms poststimulus, liked faces elicited stronger activation than disliked and neutral faces and checkerboard-reversal stimuli. Further, confirming recent results, affect-modulated brain electrical activity started very early in the human brain (ϳ112 ms). These findings suggest that affective features conveyed by faces modulate structural face encoding. Behavioral results from an independent study revealed that the stimuli were not biased toward particular facial expressions and confirmed that liked faces were rated as more attractive. Increased FG activation for liked faces may thus be interpreted as reflecting enhanced attention due to their saliency.
INTRODUCTION
Faces convey a wealth of information, including gender, age, expression, eye gaze, race, and personal identity, all of which are critical for adaptive social interaction. Since faces are endowed with remarkable social meaning, one may assume that specialized brain processes have evolved for rapid and reliable processing of affective and socially salient information. In humans, functional neuroimaging studies have identified a region in the ventral occipitotemporal cortex around the lateral fusiform gyrus (FG) that responds preferentially to faces compared to other classes of visual objects Kanwisher et al., 1997; McCarthy et al., 1997; Aguirre et al., 1999; Haxby et al., 1999; see Haxby et al., 2000, for review) . Although the functional role of the FG remains controversial (Kanwisher, 2000; Tarr and Gauthier, 2000) , this region may be involved in relatively early perceptual processing of faces, such as structural encoding 1 of the information required for face recognition (Tong et al., 2000; George et al., 1999) .
Recordings of brain electromagnetic activity have complemented these results by providing crucial information about the temporal unfolding of brain mechanisms involved in face processing. Event-related potential (ERP) (Bentin et al., 1996; Eimer, 2000; Mouchetant-Rostaing et al., 2000; Rossion et al., 2000) and magnetoencephalography (MEG) (Sams et al., 1997; Streit et al., 1999; Watanabe et al., 1999; Halgren et al., 2000; Liu et al., 2000) studies have identified a posterior-lateral negative peak at a latency of approximately 170 ms (the so-called "N170") that was elicited by faces but not by other control stimuli. As the N170 was found to be unaffected by face familiarity, it seems to be associated with precategorial structural encoding of faces rather than with later processes involved in face recognition or identification (Bentin and Deouell, 2000; Bentin et al., 1996; Eimer, 2000) . Similar conclusions were drawn from intracranial ERP studies in medicated epileptic patients, in which a face-sensitive, surface-negative potential was recorded from the ventral occipitotemporal cortex (particularly, lateral FG) peaking at approximately 200 ms poststimulus McCarthy et al., 1999; Puce et al., 1999) . Overall, these studies suggest that the lateral FG may be involved in structural encoding of faces and that the N170 may be a neurophysiological manifestation of these processes.
Several lines of evidence suggest that processes involved in face recognition may be strongly modulated by affective information conveyed by faces. First, behavioral studies in normal subjects (e.g., Bradley et al., 1997) and in brain-damaged patients with spatial neglect (Vuilleumier and Schwartz, 2001) suggest that emotional stimuli capture attention more readily than neutral stimuli. Second, functional neuroimaging studies have found that face-sensitive FG activity can be modulated by socially relevant information and by attentional manipulations. Indeed, increased FG activation has been reported for emotional vs neutral faces (Breiter et al., 1996; Dolan et al., 1996; Morris et al., 1998; Critchley et al., 2000; Hariri et al., 2000) , directed vs averted eye gaze (George et al., 2001) , same race vs other race of the face (Golby et al., 2001) , intentional encoding vs passive viewing of the faces (Kuskowski and Pardo, 1999) , and covert attention toward vs away from faces (Wojeiulik et al., 1998) . Third, and consistent with the view that processing of affective and socially salient information may be very rapid, recent ERP and MEG studies have found that affective (Pizzagalli et al., 1999 (Pizzagalli et al., , 2000 Streit et al., 1999: 160 ms; Halgren et al., 2000: 110 ms; Halit et al., 2000: 170 ms) and gender (MouchetantRostaing et al., 2000: 145-185 ms) discrimination start very early in the human brain. Whereas the functional neuroimaging results raise the possibility that structural face encoding and encoding of socially salient information may cooccur in space, time, or both, their coarse temporal resolution does not allow for excluding that these effects were caused by feedback projections from brain regions encoding affect or other salient information at later stages. Conversely, the ERP and MEG results suggest that such information may modulate structural encoding.
In the present study, we investigated the effect of liking on face processing. We reasoned that if affect is extracted very rapidly (Ͻ120 ms), as recent studies suggest Pizzagalli et al., 1999) , then this information may modulate later processes implicated in structural facial encoding (ϳ170 ms). Further, we investigated liking judgments, as one of the most remarkable characteristics of affect is how individuals react differently to the identical affective stimuli (Davidson and Irwin, 1999) . Since prior research has shown that both negatively (Breiter et al., 1996; Hariri et al., 2000) and positively (Dolan et al., 1996; Morris et al., 1998) valenced stimuli modulated FG activity, no specific predictions were advanced as to whether individually assessed liked or disliked faces would elicit stronger FG activity. To test whether facesensitive N170 activity within the FG can be affectmodulated, we used a new tomographic source localization technique based on realistic head geometry and probabilistic brain atlases, low-resolution electromagnetic tomography (LORETA; Pascual-Marqui et al., 1994 , 1999 . The sensitivity of this tomographic source localization technique was additionally increased by restricting the source analysis to activated face-sensitive voxels of published functional magnetic resonance imaging (fMRI) studies.
MATERIALS AND METHODS

Subjects
Eighteen (7 female) healthy, right-handed (Oldfield, 1971) volunteers (age (years): mean (M) ϭ 29.4, SD ϭ 4.9) with no history of neurological or psychiatric disorders participated in the ERP study. The study was approved by the Local Ethics Committee (University of Zurich), and subjects gave informed, written consent. The analyses reported here are based upon the same subjects as were included in Pizzagalli et al. (2000) .
Twenty-three undergraduate students from the University of Wisconsin-Madison (14 females; age (years): 23.3 Ϯ 3.9) volunteered to participate in a behavioral study involving affective ratings of the facial stimuli used in the ERP study.
Electroencephalogram (EEG) Acquisition
EEGs were recorded from 27 electrodes according to the extended 10/20 system: Fpz (recording reference), Fp1/2, Fz, F3/4, F7/8, FC1/2, Cz, C3/4, T7/8, CP1/2, Pz, P3/4, P7/8, PO3/4, Oz, and O1/O2. Eye movements were recorded from the outer left canthus referenced to Fpz. Impedances were kept below 5 kohms. The data were amplified (0.3-70 Hz) and digitized (256 samples/s) with a 31-channel BioLogic Ceegraph System.
Procedure and Stimulus Material
Subjects were seated in a sound, light, and electrically shielded room equipped with an intercom system. A chin rest was used to keep the distance between the subject and the screen constant (100 cm). Before the main experimental recording, the subjects' ERPs were recorded during a control condition for visual input. The subjects passively observed emotionally neutral, visual checkerboard-reversal stimuli on a computer monitor (200 reversals; frequency: 2 Hz). Subsequently, subjects were instructed to passively observe faces serially presented on the monitor. Subjects were naïve to the face images, which consisted of 32 black and white digitized photographic portraits of psychiatric patients ("Szondi portraits") particularly suited to evoke emotional decisions (Regard and Landis, 1986; see Pizzagalli et al., 1999 , for examples of the stimulus material). These stimuli do not possess marked facial expressions (see below) and thus are well-suited to the investigation of individual differences in affective judgments. The stimuli were size-, contrast-, and brightness-adjusted portrait photographs (8 ϫ 11 cm). Stimuli, which extended 4.57°o f visual angle horizontally and 6.28°vertically, were presented for 450 ms separated by 2000-ms intertrial intervals centered in a continually visible frame (18.8 ϫ 12.5 cm) on a light gray background. Twenty randomized blocks of the 32 faces were presented with 1-min intervals between blocks.
Affective Ratings
Following ERP acquisition, subjects rated each stimulus for its affective appeal. They were instructed to judge how much they liked or disliked each face using a 10-cm visual analog scale anchored with the labels "liked face" and "disliked face." Each stimulus was presented on individual hard copy, with the analog scale to the right. A unique randomized order was used for each subject.
For the independent behavioral study performed at the University of Wisconsin-Madison, subjects were asked to rate each of the original 32 faces with respect to like/dislike, discrete facial expressions (fear, anger, surprise, disgust, sadness, happiness), and attractiveness. Each face was presented on individual hard copy, with the following eight analog scales to the left: "How much do you like/dislike this face?" (from 0, "dislike very much" to 10, "like very much"), "How fearful (angry/surprised/happy/disgusted/sad) does this person look?" (from 0, "not at all" to 6, "very much"), and "How attractive is this face?" (from 0, "very unattractive" to 10, "very attractive").
Data Reduction
After off-line automatic artifact rejection (epochs containing amplitudes exceeding 150 V in the EEG channels or 70 V in the electrooculogram channels were dropped), ERPs covering 1024 ms poststimulus were averaged for each subject using the idiosyncratically assessed 10 most-liked and 10 most-disliked faces (using all 20 blocks). [In a previous study (Pizzagalli et al., 1999) , we found that habituation effects did not reduce early affect-modulated ERP activity. Based on these results and to increase the signal-to-noise ratio in the current study, ERPs to faces presented in all 20 blocks were analyzed]. The number of artifact-free epochs used for computing the ERPs was closely matched for liked (158.8 Ϯ 21.9) and disliked (159.0 Ϯ 21.6) faces.
For each subject, three additional ERPs were computed: one for the checkerboard-reversal stimuli, one for faces rated as affectively neutral (i.e., between 4.5 and 5.5 on the analog scale), and one for liked or disliked faces associated with normally distributed ratings (across subjects) around the midpoint of the rating scale. These control ERPs were used to assess the specificity of putative results. The ERPs to checkerboard-reversals were used to test whether facial stimuli elicited stronger activity in face-sensitive cortical regions compared to a nonfacial control stimulus. The ERPs to neutral faces were used to test whether affectively laden facial stimuli elicited stronger activity in face-sensitive cortical regions compared to neutral facial stimuli. The ERPs to liked or disliked faces associated with normally distributed ratings (see below) were used to exclude the possibility that putative early modulations were caused by systematic low-level visual differences between stimulus sets rather than by affect. Accordingly, if indeed differences between liked and disliked faces did exist with respect to some uncontrolled physical characteristics (e.g., facial asymmetry, contrast, brightness), these confounds would equally contribute to the activity elicited by liked and disliked faces. All ERP data were digitally bandpassfiltered between 1.5 and 30 Hz.
To address possible individual differences in N170 latency (Watanabe et al., 1999; Rossion et al., 2000) , the latency and amplitude of the well-characterized face-sensitive N170 component were individually defined for each subject and condition. For the LORETA analyses, the N170 component was defined as the time point with maximal global field power (GFP) value (Lehmann and Skrandies, 1980) between 120 and 240 ms showing the characteristic N170 field configuration (roughly bilateral negativity over the posterior regions and positivity over the frontal regions). GFP is reference-free and was computed as the spatial standard deviation of the brain electrical field; it thus reflects brain activity across the entire scalp. GFP peaks index time points that likely reflect maximal activity of the neuronal populations. Without exception, the latency and amplitude of the N170 evoked by liked and disliked faces were unambiguously identified in every subject by a trained assistant blind to the experimental conditions.
LORETA Analyses
At the individually determined latencies (maximal GFP value between 120 and 240 ms), the cortical threedimensional distribution of current density for liked, neutral, and disliked faces and the checkerboard-reversal stimuli was computed using LORETA (Pascual-Marqui et al., 1994 , 1999 . The LORETA algorithm solves the inverse problem by assuming related orientations and strengths of neighboring neuronal sources (however, without assuming a specific number of generating sources). The core assumption of the algorithm-which is generally well supported by animal single-unit record-ings (Pascual-Marqui et al., 1994) -is mathematically implemented by finding the "smoothest" of all possible activity distributions.
The fact that the LORETA algorithm does not assume a specific number of generating sources to solve the inverse problem is especially attractive in light of recent evidence gathered from intracranial ERP recordings suggesting that there may be two separate sources of face-sensitive activity approximately 200 ms poststimulus, one in the FG and one in the lateral occipitotemporal cortex McCarthy et al., 1999; Puce et al., 1999) . Whereas other source localization techniques (e.g., equivalent dipole modeling) require a priori specification of the number of generating sources, detecting two sources that are separated spatially but not temporally is an inherent capacity of LORETA, as long as the sources are spatially separated by at least by 7-14 mm (Pascual-Marqui, 1999) , as would be the case for the FG and lateral occipitotemporal cortex. Accordingly, if around 170 -200 ms poststimulus a second face-sensitive source is indeed active, then the modeled LORETA activation in the FG would be adjusted by the presence of this second source. Since the FG has been the region most implicated in structural face encoding in functional neuroimaging studies (and for which coordinates of the face-sensitive voxels have been most consistently reported in the literature), main analyses were restricted to the FG. However, since a generating source located in the lateral occipitotemporal cortex could feasibly give rise to an N170 component, LORETA activity was also extracted and analyzed for the lateral occipitotemporal regions.
The version of LORETA employed here (Koles et al., 2001; Mulert et al., 2001; Pascual-Marqui et al., 1999; Pizzagalli et al., 2000 Pizzagalli et al., , 2001 ) used a three-shell spherical head model registered to a standardized stereotactic space (Talairach and Tournoux, 1988) available as digitized MRI from the Brain Imaging Centre (Montreal Neurologic Institute, MNI305) and EEG electrode coordinates achieved using cross-registrations between spherical and realistic head geometry (Towle et al., 1993) . Computations were restricted to cortical gray matter and hippocampi according to the digitized Probability Atlases also available from the Brain Imaging Centre (Montreal Neurologic Institute). A voxel was labeled as gray matter if its probability of being gray matter (a) exceeded 33%, (b) exceeded the probability of being white matter, and (c) exceeded the probability of being cerebrospinal fluid. In the current implementation, a spatial resolution of 7 mm is realized (2394 voxels). At each voxel, current density was computed as the linear, weighted sum of the scalp electric potentials and subsequently log-transformed to normalize the distribution. LORETA units are scaled to amperes per square meter (A/m 2 ).
At the N170 latency, mean activity was extracted for the FG, the main region that has been implicated in structural encoding of faces in functional neuroimaging studies. The FG region-of-interest (ROI) was defined according to two complementary strategies: (1) use of Structure-Probability Maps (Lancaster et al., 1997) and (2) use of coordinates of the voxel with the strongest face-sensitive response derived separately from each of five published fMRI studies Kanwisher et al., 1997; McCarthy et al., 1997; Aguirre et al., 1999; Haxby et al., 1999) . Specifically, the ROI was defined as the meta-cluster common to three or more of the five fMRI studies. These studies were included because they specifically investigated face recognition and they utilized methods with the best available spatial resolution.
For the first strategy, activity was separately averaged for each hemisphere at voxels that according to the Structure-Probability Maps (Lancaster et al., 1997) belong to the FG. For the second strategy, due to the low spatial resolution of our method, it was not always possible to find a LORETA voxel exactly matching the peak reported in the fMRI studies. To circumvent this limitation, LORETA activity was extracted from either (a) a single voxel that was closest to the fMRI coordinates or (b) a cluster whose center of gravity was closer than any possible single LORETA voxel to the fMRI coordinates. These solutions minimized the difference vectors between the original fMRI coordinates and the LORETA voxel or center of gravity. Subsequently, activity was averaged separately for each hemisphere from those voxels common to three or more of the five fMRI studies mentioned above. Table 1 and Fig. 1 and  2 show the coordinates and spatial extent of the ROIs defined according to each strategy.
For the lateral occipitotemporal cortex, the only facesensitive coordinates available were those reported by Puce et al. (1996) ; thus, LORETA activity was extracted using their coordinates (X ϭ 43, Y ϭ Ϫ65, Z ϭ Ϫ4). This face-sensitive, right-hemispheric region was approximated by a LORETA cluster at X ϭ 44.30 Ϯ 3.50, Y ϭ Ϫ65.30 Ϯ 3.50, Z ϭ Ϫ6.00 Ϯ 5.70 (four voxels). For each ROI, the LORETA activity was logarithmically transformed for normalization of the distribution.
Conventional Scalp ERP Waveform Analyses
For better comparison between the present and prior ERP studies employing conventional ERP waveform analyses, scalp ERP waveforms (reference: Fpz) were analyzed with respect to latency and amplitude of the N170 at posterior electrodes (T7/8, P7/8, P3/4, PO1/2, and O1/2). For each subject and condition, the N170 was identified at each electrode as the most negative deflection within 120 and 240 ms poststimulus.
Statistical Analyses
Due to missing data for various reasons (see Results), only 13 subjects had ERPs under all four conditions. Consequently, to increase statistical power, main analyses compared ERP data for liked and disliked faces only (n ϭ 17). However, to test the functional specificity of putative results, additional analyses including control stimuli were performed.
For the scalp N170 GFP and latency, separate paired Student's t tests were computed to assess differences between liked and disliked faces. For the scalp ERP waveforms, separate ANOVAs were run on the N170 amplitudes and latencies data using Affect (liked faces, disliked faces), Electrodes (T7/8, P7/8, P3/4, PO1/2, O1/ 2), and Hemisphere (left, right) as repeated measures. For the LORETA analyses, for each strategy, the extracted N170 activity was entered into a two-way ANOVA with Affect (liked faces, disliked faces) and Hemisphere (left, right) as repeated measures. To test the consistency of the results across subjects, binomial statistics were used to assess whether the number of subjects showing a given pattern of results differed from chance; binomial probabilities for B (17, 0.5) are reported.
For the additional analyses involving the control ERPs, separate one-way ANOVAs were performed for the N170 GFP and latency with a three-level Condition factor (liked, disliked, and checkerboard-reversal stimuli or neutral faces) as repeated measure. For the LORETA data, a two-way ANOVA with Condition (liked faces, disliked faces, checkerboard-reversal stimuli or neutral faces) and Hemisphere (left, right) as repeated measures was run using the FG definition according to the Structure-Probability Maps. Overall, when violations of sphericity occurred (i.e., when the assumption of equality of variances of the differences between conditions was violated), the GreenhouseGeisser correction was applied. Paired t tests were used as post hoc tests. Throughout, two-tailed P values are reported. Partial 2 values were computed to assess the effect size of significant results (Tabachnick and Fidell, 1996) .
Finally, in addition to the hypothesis-driven ROI approach targeting the face-sensitive ROIs, a separate whole-brain analysis using voxelwise paired t tests examined differences between liked and disliked faces at the individually assessed N170 latencies. The results are presented at P Ͻ 0.05, corrected for multiple comparisons (Holmes et al., 1996) . The Structure-Probability Maps atlas (Lancaster et al., 1997) was used to label regions and Brodmann areas (Brodmann, 1909) showing significant differences between liked and disliked faces.
RESULTS
Postrecording Affective Ratings
One female participant was omitted from the analyses because her affective ratings were so negatively biased that it was not possible to compute the ERPs for Note. The FG ROIs were defined by (A) the Structure-Probability Maps, (B) the coordinates of prior fMRI studies, and (C) the meta-cluster common to the majority of these studies. Brodmann areas (BA) of the LORETA voxels used for the analyses are reported (Lancaster et al., 1997) . Coordinates in mm (Talairach and Tournoux, 1988) . Origin at anterior commissure; (X) ϭ left(Ϫ) to right(ϩ); (Y) ϭ posterior(Ϫ) to anterior(ϩ); (Z) ϭ inferior(Ϫ) to superior(ϩ).
a Original coordinates reported in the single fMRI studies Faces vs texture subtraction; Kanwisher et al., 1997; McCarthy et al., 1997 : Faces vs objects subtraction; Aguirre et al., 1999; Haxby et al., 1999) .
b Mean coordinates (and SD) of LORETA's center of gravity of the cluster minimizing the distance (Vector; c see also Materials and Methods) between the original fMRI and the LORETA coordinates.
liked faces (M ϭ 1.68, SD ϭ 1.46, possible range 0 -10). For the remaining 17 subjects, the mean affective ratings for the 10 most liked and disliked faces were 8.18 (SD ϭ 0.77, range 6.76 -9.60) and 1.51 (SD ϭ 0.81, range 0.39 -3.10), respectively. To address the issue of individual differences in affective judgments, the distribution of the affective ratings across subjects was examined. Remarkably, 20 of the 32 stimuli (62.5%) had normally distributed ratings centered on the midpoint of the rating scale, as assessed with the ShapiroWilk test. Across subjects, among the subset of stimuli used to compute ERPs, at least half had normally distributed ratings (liked: 5.82/10; disliked: 5/10).
To test whether male and female participants equally liked male and female portraits, an ANOVA with Gender of Participant as between-subject factor and Gender of Portrait as repeated measure was performed on the affective ratings. No significant effects, in particular no significant interaction [F(1,15) ϭ 0.62, P Ͼ 0.45), emerged.
The results of the behavioral study performed at the University of Wisconsin-Madison confirmed the result of the original sample by showing that 21 stimuli had normally distributed ratings centered on the midpoint of the rating scale (Shapiro-Wilk test). When considering the 32 faces, the mean like/dislike ratings (across subjects) for the two independent subject samples were highly correlated (Pearson's r ϭ 0.76, P Ͻ 0.001). As listed in Table 2 , on average, the faces were judged as having particularly low scores with respect to ratings of different facial expressions. Like/dislike and attractiveness ratings were proportionally higher, but on average were also below the midpoint of the scales. On a single-subject level, Pearson correlations were computed between like/dislike ratings and the other seven ratings across the 32 faces. Binomial tests revealed significant results for the happiness and attractiveness ratings only: for these two ratings, at least 18 of the 23 subjects [P(18/23) Ͻ 0.015] showed positive cor- (Talairach and Tournoux, 1988 ).
relations at a nominal P Ͻ 0.05 (Pearson's r Ͼ 0.349) with like/dislike ratings. At P Ͻ 0.01 (r Ͼ 0.449), only attractiveness showed significant results (17 of the 23 subjects showed positive correlations with like ratings).
Scalp N170 GFP
The mean GFP latency of the N170 was virtually identical for liked (158.12 Ϯ 9.39 ms, range 136 -172) and disliked (158.59 Ϯ 9.27 ms, range 136 -172) faces
FIG. 2.
Coronal slices (from y ϭ Ϫ67, most posterior, to y ϭ Ϫ46, most anterior) showing the location and spatial extent of (and not the activation level in) the fusiform gyrus in LORETA space. All voxels needed to approximate the face-sensitive fMRI coordinates through interpolation are shown. (A) ROIs defined by the coordinates of prior fMRI studies Kanwisher et al., 1997; McCarthy et al., 1997; Aguirre et al., 1999; Haxby et al., 1999) ; (B) ROIs defined by the meta-cluster common to prior fMRI studies.
[t (16) Fig. 3 ). At these electrodes, liked faces elicited greater N170 compared to disliked faces in at least 13 of the 17 subjects [binomial P(13/17) Ͻ 0.05]. A similar three-way ANOVA run on the N170 latency at the various electrodes revealed no significant effects.
In light of recent results suggesting that affect-modulated brain electrical activity can occur very early (Ͻ120 ms) in the human brain (Pizzagalli et al., 1999; Halgren et al., 2000) , an additional analysis investigated whether ERP differentiation between liked and disliked faces may occur before the N170 component. To identify putative differences between liked and disliked faces at short latencies, paired t tests were computed for each time frame between 60 and 180 ms at T7/8, P3/4, P7/8, PO3/4, and O1/2. This strategy has proven powerful in recent cases of early task-related ERP modulations not confined to a given component (Braeutigam et al., 2001; VanRullen and Thorpe, 2001) . To address the issue of multiple comparisons, differences between liked and disliked faces were considered significant only if (a) at least five consecutive t test values were below the P Ͻ 0.05 level and (b) at least 12 of the 17 subjects [binomial P(12/17) Ͻ 0.05] showed such modulation at each time frame. According to these criteria, significant differences between liked and disliked faces that preceded the N170 peak emerged at O2 (116 -156 ms, 11 consecutive time frames; P100: dislike Ͼ like; N170: like Ͼ dislike), P8 (112-128 ms, 5 time frames; P100: dislike Ͼ like), O1 (140 -160 ms, 6 time frames; N170: like Ͼ dislike), and P7 (140 -164 ms, 7 time frames; N170: like Ͼ dislike); see also Fig. 3 .
ROIs Defined by the Structure-Probability Maps
The ANOVA revealed a significant main effect of Affect [F(1,16) 
ROIs Defined by the Meta-Cluster Common to Prior fMRI Studies
This ANOVA revealed only a significant main effect of Affect [F(1,16) Fig. 2 and Table 1C .
Whole-Brain LORETA Analysis
The whole-brain analysis run in addition to the hypothesis-driven ROI approach at the individually assessed N170 latencies revealed that liked faces evoked stronger activity than disliked faces in the right parietal lobe centered on the supramarginal gyrus (SMG; BA 40, X ϭ 67, Y ϭ Ϫ39, Z ϭ 29, t(16) ϭ Ϫ4.28, 2 Following a reviewer's request, these analyses were repeated using unfiltered ERPs. The result of greater GFP for liked than disliked faces was confirmed (P Ͻ 0.05). For a better signal extraction from the background noise, remaining analyses were performed on the filtered ERPs.
3 LORETA results are negative because they were log-transformed for normalization purposes. Less negative values reflect higher current density. Fig. 4 .
Correlation between FG and Right Parietal Region
Pearson's correlations were used to assess the covariance between affect-modulated activity in the right SMG and FG activity. Difference scores (liked-minusdisliked) for the right SMG and FG activity (according to the Structure-Probability Maps and the meta-cluster common to prior fMRI studies) were computed and correlated. Irrespective of FG definition, the scores were significantly positively correlated in the right (r ϭ 0.52-0.54, P Ͻ 0.05), but not the left (r ϭ 0.21-0.34, P Ͼ 0.18) FG. Thus, the greater the affect modulation in the right SMG, the greater the modulation in the FG. It should be noted that the correlations involving the left and right FG were not significantly different. The difference scores for the left and right FG were not significantly correlated (Structure-Probability Maps: r ϭ 0.44, P ϭ 0.08; meta-cluster; r ϭ 0.34, P Ͼ 0.15). See Fig. 5 .
Additional Analyses
Checkerboard-reversals as control stimuli. Only 14 of the 17 subjects showed a reliable (though strongly attenuated) N170 GFP peak (main effect of right (Ϫ2.21 Ϯ 0.17 A/m 2 ) than in the left (Ϫ2.31 Ϯ 0.07 A/m 2 ) hemisphere. Neutral faces as control stimuli. Three subjects were excluded from these analyses because of either no available ratings between 4.5 and 5.5 on the analog scale (two subjects) or an insufficient number of artifact-free epochs (one subject). For both the N170 GFP peak and the N170 latency, the main effect of Condition (liked faces, disliked faces, neutral faces) was significant or approached significance [GFP: F(2,26) ϭ 2.90, ϭ 0.687, P ϭ 0.096, 2 ϭ 0.22; latency: F(2,26) ϭ 7.72, ϭ 0.800, P Ͻ 0.005, 2 ϭ 0.37]. Post hoc tests revealed that liked faces (4.43 Ϯ 1.06 V) had higher GFP than both disliked faces (4.24 Ϯ 0.98 V; t(13) ϭ 3.55, P Ͻ 0.005) and neutral faces (4.23 Ϯ 1.17 V; t(13) ϭ 1.90, P ϭ 0.08). Both liked (158.00 Ϯ 10.26 ms; P Ͻ 0.05) and disliked (158.29 Ϯ 10.13 ms; P Ͻ 0.05) faces elicited earlier N170 than neutral faces (160.57 Ϯ 8.72 ms). For the LORETA data, the two-way ANOVA revealed a significant main effect of Hemisphere Lateral occipitotemporal cortex as possible generating source for N170. A paired t test contrasted activity elicited by liked and disliked faces at voxels that approximate the coordinates reported by Puce et al. (1996) as being face sensitive. At these LORETA voxels, liked faces elicited stronger activation than disliked faces (ϩ5.44%; Ϫ1.88 Ϯ 0.21 A/m 2 vs Ϫ1.90 Ϯ 0.22 A/m 2 ; t(16) ϭ 2.42, P Ͻ 0.05, 2 ϭ 0.27).
DISCUSSION
The present results can be summarized as follows. First, scalp-recorded ERPs and cortical current density peaking ϳ160 ms poststimulus within the FG (and lateral occipitotemporal) regions reliably covaried with self-reported liking judgments. Second, liked faces were associated with greatest activity in the right parietal lobe. Third, affect-modulated activity within the right SMG and right FG was positively correlated. Fourth, facial stimuli evoked stronger activity in the right compared to the left hemisphere. Fifth, affectladen stimuli evoked stronger activity at the scalp (N170 GFP) and within the FG compared to control stimuli (neutral faces and checkerboard-reversal stimuli). Finally, affect-modulated brain electrical activity appeared over posterior regions earlier than the N170 peak (ϳ112 ms). By combining information gathered from functional neuroimaging studies with the excellent temporal resolution of ERP data, the present results demonstrate that structural face encoding occurring within the FG 160 ms poststimulus can be influenced by affective features conveyed by faces.
Methodological Considerations
It is important to briefly emphasize several methodological features of this research. First, to address possible individual variability in N170 latency (Watanabe et al., 1999; Rossion et al., 2000) , its latency was assessed individually. Second, to account for large individual differences in affective judgments, ERPs were computed with individually assessed affective ratings. Notably, in both the ERP and the behavioral studies, more than 60% of the stimuli had normally distributed ratings centered on the midpoint, confirming the necessity of considering large individual differences in neuroscientific investigations of affect (Davidson and Irwin, 1999; Pizzagalli et al., 1999) , particularly when using ambiguous stimuli. Failure to account for such differences would have greatly reduced the power of our analyses and thus the ability to observe these lawful relations. Notably, when reanalyzing the ERPs with only those stimuli showing normally distributed affective ratings, the affect-modulated activity in the FG was still present. These results are especially important because they exclude the possibility that the affective modulations starting at 112 ms and the one at the N170 peak were related to physical or structural information embedded in the facial stimuli (see Pizzagalli et al., 1999 , for an independent demonstration of early affect-modulated activity not caused by physical stimulus features). In other words, they eliminate the possibility that the idiosyncratic affective judgments were based on configurations of physical features that are processed during structural encoding and that may lead to an early ERP differentiation, which may precede ERP modulations associated with affective judgment. In fact, a closer chronometrical analysis of the ERPs at posterior electrodes revealed that reliable differentiations between liked and disliked faces started before the N170 occurrence (112-160 ms), replicating recent findings Pizzagalli et al., 1999) . From these and prior findings and from the independent behavioral results showing that the stim-uli were not biased toward particular facial expressions, it seems parsimonious to conclude that affective processing rather than simple feature detection was responsible for the effects observed. A similar conclusion cannot be drawn from a recent ERP study that reported results in apparent contrast with the present findings (Halit et al., 2000) . Indeed, their finding of stronger N170 for unattractive, but at the same time, atypical faces may be in part due to differences in low-level features between unattractive (atypical) and attractive (typical) faces.
Third, a novel tomographic source localization technique free from a priori assumptions about the number of sources was employed. Previous studies employing LORETA have demonstrated that it provides physiologically meaningful results during basic visual and auditory tasks (Pascual-Marqui et al., 1994) and cognitive tasks known to engage specific brain regions (Koles et al., 2001; Mulert et al., 2001; Pizzagalli et al., 2000; Yamaguchi et al., 2000) . Particularly, recent studies from three independent groups furnished important cross-modal validation for LORETA. In a case study, LORETA generators of epileptogenic discharges could be confirmed by the locations of blood oxygenation level-dependent signal increase, as assessed with EEG-triggered fMRI and electrocorticography from subdural electrodes (Seeck et al., 1998) . Similarly, Worrell et al. (2000) found that LORETA generators of ictal discharge were very close to the locations of MRIidentified epileptic foci. Finally, we (Pizzagalli et al., 2001) recently observed that treatment response in depression was predicted by LORETA activity within a region of the rostral anterior cingulate cortex, which was similar to the one previously reported in positron emission tomography (PET) studies on this topic (e.g., Mayberg et al., 1997) . In the present study, the utility of this technique was further enhanced by the use of prior fMRI results to guide and sharpen the analyses.
Despite these encouraging results, it is clear that an important limitation of the present study is the relatively low spatial resolution, which in some cases required relatively extended ROIs to approximate the fMRI coordinates. A second limitation is that only two classes of control stimuli were used to address the functional specificity of the N170 (neutral faces and checkerboard-reversal stimuli). Clearly, because checkerboard stimuli radically differed in their physical characteristics compared to facial stimuli, they were not optimal for testing the extent to which the N170 in this study was face specific. Given this limitation, we avoided a description of the current findings as being face-specific but preferred instead to consider them face-sensitive. Future research should utilize a larger range of control stimuli (e.g., houses, cars, hands), as recently proposed McCarthy et al., 1999; Puce et al., 1999; Halgren et al., 2000; Kanwisher et al., 1997; Liu et al., 2000) .
Affect-Modulated Activity in Face-Sensitive Regions
Incorporating results from prior ERP/MEG and fMRI studies and theoretical considerations, we predicted that affective ratings would covary with activity in face-sensitive regions prior to structural encoding completion (i.e., 170 ms). This was confirmed for both the FG and the lateral occipitotemporal cortex, two regions that have been most consistently proposed in the literature as possible neuronal generators for the face-sensitive N170 component. The finding that liked faces, which were rated as relatively more attractive by an independent subject sample, elicited stronger activity in these regions may reflect the behavioral observation that positively valenced and/or liked faces are recognized better/faster than negatively valenced and/or disliked faces (Kirouac and Dore, 1983; Bruce and McDonald, 1993; Esteves and Ö hman, 1993; Kirita and Endo, 1995) . Whereas the behavioral data suggested that affective information conveyed by faces can influence face recognition, the present results shed light on where and how these processes unfold in time. Note, however, that our results do not exclude the possibility that biologically fear-relevant stimuli (e.g., angry or fearful faces) may be processed more quickly and accurately (Ö hman et al., 2001 ) and thus may possibly evoke stronger FG activation. Since the stimuli used in the present study did not display strong facial expressions, future research should directly assess the effect of facial expressions on FG activation underlying the N170 component.
Our results have important implications for extant models of face recognition, particularly for the BruceYoung model (1986) , because they are incompatible with the proposal that affective features are necessarily extracted from faces only after the completion of structural encoding. Indeed, whereas prior scalp/intracranial ERP and MEG studies demonstrated that structural encoding occurs at ϳ170 ms poststimulus, recent studies have shown that activity occurring before 170 ms is modulated by affective facial features. For instance, in an independent study, we reported that self-reported affective judgments evoked different ERPs between 80 and 116 ms (Pizzagalli et al., 1999) . These findings were recently confirmed and extended by Halgren et al. (2000) , who observed that activity occurring at 110 ms and modeled by a single dipole localized to the posterior-inferior occipital midline was affected by facial expression. Finally, a recent MEG study reported preliminary evidence that activity occurring at 163 ms and modeled by a dipole in the FG was greater for happy compared to disgusted or neutral expressions (LaNoue et al., 2000) . Together, these results suggest either that affect is preattentively ex-tracted before structural encoding is complete or that structural encoding starts earlier than previously assumed. In the following section, possible mechanisms that may explain the present results are discussed.
In a recent review, Adolphs (2002) highlighted a key role of the occipitotemporal cortices, amygdala, orbitofrontal cortex, basal ganglia, and right parietal cortices in recognition of emotion in facial stimuli. For some of these regions, early categorization of socially relevant information has been demonstrated. For example, Marinkovic and colleagues (2000) reported categorization of faces vs objects at ϳ150 ms poststimulus in the right inferior frontal gyrus of an epileptic patient with depth electrodes. Similarly, neuronal discrimination between fearful and happy facial expressions was observed starting at 120 ms at electrodes implanted in the right ventromedial prefrontal cortex (Kawasaki et al., 2001) . Finally, electrophysiological responses to facial stimuli have been observed in the human amygdala at ϳ120 ms (Halgren et al., 1994) . Based on these findings, Adolphs (2002) concluded that presentation of an affectively laden stimulus triggers an initial feedforward information processing along occipital and temporal neocortices which leads to a coarse categorization of affect and facial expression within the first 100 ms. Similarly, we propose that cholinergic-mediated basal forebrain regions (e.g., nucleus accumbens, sublenticular extended amygdala) may be activated very quickly and tune subsequent activity in the visual cortices subserving face processing through a mechanism of increased vigilance and attention (Heimer, 2000; Sarter and Bruno, 2000; LeDoux, 2000) . The present findings of greater liked than disliked activity may reflect neuronal processing biases in brain reward circuits (ventral striatum, particularly nucleus accumbens), which have been recently found to be activated by attractive faces (Aharon et al., 2001; Kampe et al., 2001) . Although the present liked faces were rated as being more attractive in the independent behavioral study, we note that the range of the attractiveness ratings in the current study was rather narrow. Thus, future studies should assess whether subtle differences in facial attractiveness are sufficient for recruiting processing in basal forebrain regions. Independent of the mechanisms involved, which cannot be probed with scalp ERP recordings, the present findings suggest that although the construction of a detailed representation of a face may require approximately 170 ms, a rapid, likely coarse affective categorization can occur at earlier latencies. This might suggest the existence of perceptual pathways in parallel to pathways devoted to full structural face encoding. Finally, our results not only emphasize that the FG is sensitive to salient facial information, but, unlike fMRI and PET results, also exclude the possibility that this modulation occurs later in the information processing flow due to reentrant projections from brain structures encoding affective information.
Right Parietal Activation
An independent whole-brain analysis demonstrated that maximal differentiation between liked and disliked faces occurred in right parietal regions centered on the supramarginal gyrus. In agreement with interpretations of N170 modulations in terms of stimulus salience (Bentin et al., 1996; Puce et al., 2000) , we interpret this result as suggesting that liked faces, in the present task, were attentionally more engaging and salient than disliked faces. Three lines of evidence justify this interpretation. First, the right parietal region maximally activated by liked faces belongs to the visual attentional network (Posner and Dehaene, 1994) . Second, lesions in the right temporoparietal lobes have been associated with impaired emotional experience and arousal (Heller, 1993; Heilman, 1997) . Specifically, right supramarginal lesions led to deficits in recognizing, labeling, and building conceptual knowledge about facial expressions (Adolphs et al., 2000) . Third, functional neuroimaging studies have proposed that the right parietal lobe, and especially the right supramarginal gyrus, belongs to a network devoted to visual saliency detection. Socially relevant information, such as facial expression (Gur et al., 1994) , eye gazes (Wicker et al., 1998) , and one's own face (Sugiura et al., 2000) reliably activated these regions. As both FG (Wojciulik et al., 1998) and N170 (Lueschow et al., 2000) responses are stronger for attended faces, increased FG activation for liked faces may be interpreted in terms of enhanced attention and deeper encoding due to their saliency within the context of the present stimulus set, which in general received low ratings of attractiveness.
Hemispheric Differences
In the present study involving presentation of affectively laden facial stimuli, three findings emphasized a key role of the right hemisphere. First, the right FG was generally more activated than the left FG in response to the facial stimuli. Second, analyses involving stimuli with normally distributed ratings showed that liked faces elicited stronger activity than disliked faces in the right but not in the left FG. Third, the strongest like-dislike differentiation was observed in right parietal regions. Overall, these findings confirm a dominant role of right posterior regions in recognition of faces (e.g., Benton, 1990 ) and perception of emotional information (e.g., Davidson, 1993) .
CONCLUSIONS
The present results show that activity within the face-sensitive regions (FG and lateral occipitotemporal cortex) occurring ϳ160 ms poststimulus can be systematically modulated by self-reported affective ratings of the stimuli. Notably, affect-modulated brain electrical activity started already at ϳ112 ms poststimulus. Correlational analyses further revealed that affect-modulated FG activity was associated with increased right parietal activity, possibly because of the salient and arousing nature of liked stimuli in the current experimental context. These results indicate that techniques with excellent time resolution can play a crucial role in testing theoretical models and shed important light on some of the temporal aspects of affective processing and its interactions with structural face encoding.
